In 2 experiments, children and adults were exposed to 4 different information-processing tasks. Consistent with the global trend hypothesis, age-sensitive linear relations were observed between child and adult latencies, and 10-and 11 -year-olds were approximately 1.7 and 1.6 times slower than 19-year-olds as predicted by R. Kail's (1991) growth function. In Experiment 1, the relation between child and adult latencies did not change over 4 sessions of practice, implying that practice has equivalent effects on corresponding processing steps in children and adults. In both experiments, an age-invariant linear relation between dispersion and central tendency was observed, indicating that children's greater within-subject variability is entirely due to their slower speed of processing.
the analytic approach used by Hale (1990) with the use of growth functions. In this landmark investigation, 72 studies of a wide variety of information-processing tasks were surveyed, and the slope of the relation between the latencies of children and adults for children of different ages (3 to 14 years) were calculated by forcing the regression lines through the origin. Kail termed the slopes of these constrained regression lines slowing coefficients. The growth function for the slowing coefficients was well described by an exponential decay function similar to that for individual component durations. Taken together, the converging evidence provides impressive support for the global trend hypothesis.
From the perspective of the global trend hypothesis, all one needs to know to predict the latency of a child group on a particular task is the corresponding latency of the adult group, the age of the child group, and the appropriate slowing coefficient for that age. Implicit in the logic underlying the prediction of children's latencies based on the global trend hypothesis is an assumption of correspondence (Cerella, 1990) : If children and adults use the same sequence of processing components to perform a given task (i.e., if there is one-to-one correspondence in cognitive processes), and if all processing components are maturing at the same rate, then one can predict the latency of a child group directly from that of the adult group. It should be noted that when correspondence is violated-that is, when children use different strategies than adults (as with tasks that may involve skills acquired through extensive training)-children's latencies cannot be predicted directly from adult latencies. Conversely, when children's latencies can be directly predicted, this suggests that the hypothesis of correspondence is correct.
Although several developmental studies have examined the effect of practice on single tasks (e.g. Foreman, 1967; Kail, 1986a) , no previous study has simultaneously examined the effects of practice on multiple tasks in both children and adults. The present study, which uses four different information-processing tasks, was designed to determine whether there are taskspecific differences in the effects of practice or whether the global trend and correspondence hypotheses apply to both practiced and unpracticed performance on information-pro-880 cessing tasks. Various theorists have hypothesized that response latencies may decrease with practice because of increases in the efficiency of information processing, that is, the elimination of processing steps (i.e., components or their constituent operations) or decreases in the duration of component processes (e.g., Myerson, Hale, Wagstaff, Poon, & Smith, 1990; Newell & Rosenbloom, 1981) . If practice eliminates the same steps or decreases component durations by the same proportions in children and adults, then the relation between the latencies of children and adults will be the same both before and after practice.
The prediction of the effect of practice on the relation between the latencies of children and adults may be derived mathematically. If on any task, children and adults both initially use the same set of processes (indicated by the subscript /) but the durations (d t ) of those processes are all some proportion (m) longer in children, then the ratio of children's whole latencies to those of adults' will be (2m*di)/(2d,) = m*(Srf / )/(Srf / ) = m, where the whole latencies are equal to the sum of the component durations. If practice decreases these durations by equal proportions (p ( ) in both groups, then the whole latency ratio (children:adults) will be unchanged after practice: This is true even if practice does not affect some steps (/?, = 0), eliminates others (p, = 1), and decreases the durations of yet other steps by some proportion (even if the proportion varies between components). Thus, so long as there is a step-by-step correspondence in the effects of practice on children and adults, the proportional relation between the latencies of children and those of adults will be the same for all tasks and will be unaffected by practice.
The present effort provides an additional test of the correspondence hypothesis. Researchers have consistently reported greater within-subject variability in the response latencies of children as compared with adults (e.g., Brewer & Smith, 1989; Eckert & Eichorn, 1977; Mitchell, Chavez, Baker, & Guzman, 1990; Wilkinson & Allison, 1989) . It is possible that these agerelated differences in variability reflect qualitative differences in the information processing of children and adults; that is, the strategies used by children or their implementations of these strategies might be more variable than the strategies and implementations of adults. However, such post hoc reasoning could just as easily accommodate decreased within-subject variability in children, and in fact, the qualitative difference hypothesis makes no specific predictions regarding variability.
Comparisons of the variability of children's and adults' performances are typically confounded by age differences in response latencies. That is, there may be two separate developmental changes, one involving speed and one involving variability. Alternatively, the two effects may be linked. If children's information processing corresponds to that of adults except that it is slower, then the greater dispersion in the response latencies of children could be simply the consequence of their slower responses. Thus, if the relation between dispersion and mean latency is age invariant, it would provide additional support for the correspondence hypothesis.
Experiment 1

Method Subjects
Volunteers from two age groups were recruited: eighteen 11-year-old children (Af age = 10.7, SD = 0.4) and twenty-four 19-year-old adults (M age = 19.0, SD = 1.1). The children were all fifth graders attending a suburban, parochial school located in the Midwest. The adults were all undergraduates attending a private university located in the Midwest. The children were tested during regular school hours. The adults were paid $15 for their participation, $5 of which was a bonus for completing all four sessions.
Apparatus
All stimuli in all four tasks were presented on a Zenith 1380-C video monitor controlled by a Zenith 159 computer equipped with Cognitive Testing Station (CTS) hardware and a Digitry, Inc., response panel interface. Pascal programs, written by S. Hale, were conjoined with CTS software to control the computer display and record latencies with .01 ms accuracy (although latencies were rounded to the nearest millisecond for analysis). The response panel housed three buttons: a left response button, a right response button, and a third button centered below the two response buttons that was used by the subject to initiate each trial.
Tasks
The four tasks included a two-alternative choice reaction time task, a letter matching task, a visual search task, and an abstract matching task. The presentation order of all four tasks within sessions was identical for all participants to provide the possibility of comparing individuals. To minimize the effects of bias due to warm-up, practice, or fatigue within a session, we selected an order that did not proceed from the easiest to the most difficult task or vice versa. The order selected was letter matching, visual search, choice reaction time, and abstract matching. Each session lasted approximately 20 min, not including initial instruction added before the first session. The four sessions were administered across 2 days with 10-min breaks between the first and second sessions and between the third and fourth sessions. The number of trials for all experimental conditions was 18, except for the name different, physically different (NDPD) condition of the letter matching task, which consisted of 36 trials for the purpose of counterbalancing same and different judgments. Stimuli were presented in pseudorandom order within each task, with the constraint of no more than 3 consecutive trials of any one response type, and left and right responses were counterbalanced within each task condition. Different pseudorandom sequences of trials were devised for each task in each of the four sessions.
Procedure
Participants were instructed to place their left and right index fingers on the left and right response buttons of the response panel and to place their thumb (whichever thumb was more comfortable) on the button below the response buttons. The general procedure consisted of presentation of an asterisk in the center of the screen as a fixation point. Participants were told that when they were ready to try the next problem, they were to press the thumb button (denoted the READY button). Pressing the READY button resulted in presentation of the next problem 300 ms later. After solving the problem presented on the screen, participants pressed one of the response buttons to indicate their selection. Feedback was provided by a computer beep that sounded if an error was made. After the response (and the beep for errors), an asterisk reappeared until the participant initiated the next problem. General instructions were given at the beginning of the first session, followed by specific task instructions during which participants could ask questions, and four practice problems were given before data were collected for each task. For the three subsequent sessions, specific task instructions were briefly reiterated; we encouraged participants to ask questions if they needed further review of any task instructions, and we gave two practice problems before each task.
Choice reaction time task. The stimuli for the choice reaction time task consisted of either a right arrow (-*) or a left arrow («-). Participants were required to press the right response key when a right arrow was presented and the left response key when the left arrow was presented. After the practice trials, participants completed 36 experimental trials consisting of 18 left and 18 right arrows.
Letter matching task. In this task (which was based on Posner & Mitchell, 1967) , participants were presented with letter pairs created through the counterbalanced combination of five uppercase and lowercase letters (A, a, D, d, E, e, R, r, H, h). Three letter-pair conditions resulted in which the letter pairs consisted of either two identical letters of the alphabet {name same, physically same; NSPS), the same letter of the alphabet in two different cases (name same, physically different; NSPD), or two different letters of the alphabet (name different, physically different; NDPD). Participants were instructed that if the two letters were the same letter of the alphabet (regardless of whether they were in uppercase or lowercase), they should respond by pressing the button corresponding to their dominant hand (hand dominance was determined before the beginning of the trials and was incorporated into the computer program for this and the following task). When the two letters were different letters of the alphabet, each participant was instructed to respond by pressing the button corresponding to his or her nondominant hand. Each participant was given 6 practice trials followed by 72 experimental trials. Experimental trials consisted of 18 NSPS letter pairs, 18 NSPD letter pairs, and 36 NDPD letter pairs (18 consisting of different-case letter pairs and 18 consisting of samecase letter pairs). Furthermore, all NDPD letter pairs were constructed so as not to form a word (e.g., "He").
Visual search task. The stimuli for the visual search task (which was based on Neisser, 1963) consisted of an array of letters (C, O, o) combined to form either one row of six letters (Set Size 6) or three rows of six letters (Set Size 18). Furthermore, in one half of the trials, one of the o's was replaced with a target letter "c," resulting in four conditions (i.e., Set Size 6, target present; Set Size 6, target absent; Set Size 18, target present; and Set Size 18, target absent). Across trials, targets appeared equally often at each position in the arrays. Participants were instructed to press the button corresponding to their dominant hand whenever the target letter was present and to press the button corresponding to their nondominant hand whenever the target was absent. After the practice trials, participants completed 72 experimental trials consisting of 18 trials in each of the four conditions.
Abstract matching task. The stimuli for the abstract matching task (which was based on Hoyer, Rebok, & Sved, 1979) consisted of three possible arrangements of three arrays of letters (one on the right, one on the left, and one at the bottom of the screen). These arrays varied along three dimensions, each of which was represented by three features: The three dimensions were shape (i.e., either O, V, or X), number (i.e., either two, three, or four letters per array), and orientation (i.e., either vertical, horizontal, or diagonal presentation). On all trials, the top two letter arrays were not physically identical either with the bottom letter array or with each other. Participants were required to decide which of the top two arrays (either the one on the right or the one on the left) was most like the bottom array and to press the corresponding button.
Although the arrays could vary on three dimensions, each problem contained only one relevant dimension. This dimension contained a feature that was shared by the bottom array and only one of the top arrays and that determined the best match (e.g., if the relevant dimension was shape, the same letter would appear in the bottom array and one of the top arrays and a different letter would appear in the other top array). However, a feature might be common to all three arrays, and hence finding a feature common to the bottom array and one of the top arrays was not necessarily sufficient to identify the best match.
In addition to the relevant dimension, there were two irrelevant dimensions, and features on these dimensions were varied so as to create two types of problems (see Figure 1 in Hale, 1990 , for examples). One type of problem, termed Level 2 after Hoyer et al. (1979) , was constructed such that there was one irrelevant dimension (e.g., number) that was represented by a different feature in each of the three arrays and one irrelevant dimension (e.g., orientation) that was represented by the same feature in all three arrays. (In the present example, with shape as the relevant dimension, each of the arrays would consist of a different number of letters at the same orientation.) The other type of problem, termed Level 3 after Hoyer et al., contained one relevant dimension (as in Level 2) with two irrelevant dimensions that were represented by different features in all three arrays. (In the present example, each of the three arrays would have a different orientation and consist of a different number of letters.)
Participants were told that they would see three patterns and that they were to select the upper left or the upper right pattern as the pattern that was most like the bottom pattern. After these instructions, before the first session only, participants were exposed to 6 trials in which they gave a verbal response (rather than a key press) and a verbal explanation of their selection. We provided feedback if either their selection or explanation was faulty. In addition, we pointed out during these 6 trials that for some problems, the best match was similar to the bottom pattern in two ways (i.e., along two dimensions) and that for other problems, the best match was similar to the bottom pattern in only one way (i.e., along one dimension). All participants understood how to solve these problems and required very little correction. After the 6 feedback trials, participants completed the practice trials (in which selections were made using the response panel), which were followed by 36 experimental trials consisting of 18 trials of each of the two conditions counterbalanced across the different shapes, orientations, and numbers. For subsequent sessions, feedback trials were not included.
Results and Discussion
For each task, separate analyses of variance (ANOVAs) were conducted for response latencies and error rates. We conducted a preliminary analysis of the data from Session 1 to determine whether the present procedures generated initial performances typical of experiments using similar tasks that did not provide extensive practice. More extensive analyses of the data from all four sessions were then conducted, and these results are presented in detail. (Where applicable, Greenhouse-Geisser adjusted F ratios [Elashoff, 1986] are reported to correct for heterogeneity of variance.) However, because these analyses include the Session 1 data, the ANOVA results for Session 1 alone are summarized briefly. Following the ANCA^s, we conducted multiple regression analyses of the data from all four tasks to test the global trend and correspondence hypotheses. These analyses examined the relation between the child and adult latencies and the relation between latency and within-subject variability across the four sessions of practice.
The data from all four sessions are given in Table 1 . The Session 1 results were consistent with previous findings (e.g., the choice reaction time results are comparable with Fairweather & Hutt, 1978 ; the letter matching results are comparable with List, Keating, & Merriman, 1985 ; the visual search results are comparable with Bisanz & Resnick, 1978 ; and the abstract matching results are comparable with Hale, 1990) . Moreover, consistent with Hale (1990) , these analyses revealed that as task complexity (indexed by the latency of the adult group) increased, the difference between the latencies of the two groups also increased. This finding was evident in the presence of Age Group X Condition interactions for most of the four tasks, although the interaction did not reach statistical significance for the abstract matching task.
Individual Task Analyses of Sessions 1-4
Choice reaction time task. A 2 (age group) X 2 (hand) X 4 (session) ANOVA of response latencies revealed main effects of age group and session but no main effect of hand and no interactions between hand and age group. A reliable Hand X Session interaction, F(3,120) = 3.23, p < .05, revealed that the latencies of responses using the dominant hand decreased significantly with practice, but the decrease for the nondominant hand did not reach significance. However, given the small size of the difference in practice effects (Session 4 -Session 1 = 35 ms for the dominant hand vs. 23 ms for the nondominant hand) and the absence of any interactions involving both hand and age group, a reanalysis was conducted that collapsed the hand variable. A 2 (age group) X 4 (session) ANOVA revealed a main effect of age group: Children performed this task more slowly than adults at all levels of practice, F(l, 40) = 131.76, p < .0001. In addition, there was a main effect of session: Latencies declined as a function of practice, F(3,120) = 2.64, p < .05. The Age Group X Session interaction was not statistically significant. An analogous ANOVA was conducted on the error rates (including all four sessions) and revealed no significant effects (allFs<1.0).
Letter matching task. A 2 (age group) X 3 (condition) X 4 (session) ANOVA of response latencies revealed main effects for all three variables: age group, F(l, 40) = 74.97, p < .0001; condition, F(2, 80) = 97.06, p < .0001; and session, F(3, 120) = 4.17, p < .05. Interpretation of these main effects requires consideration of the significant two-way interactions for Age Group X Condition, F(2,80) = 18.72, p < .0001, and Session X Condition, F(6,240) = 5.25, p < .001, and the significant threeway interaction, F(6, 240) = 3.17, p < .01. Children's latencies showed larger differences between conditions than those of adults. In addition, the effect of practice differed for children and adults, and the difference in the pattern was not equivalent for the three conditions. Specifically, the response latencies of children decreased slightly more than those of adults from Sessions 1 to 3 (children: Session 1 = 1.079 and Session 3 = 1.015; adults: Session 1 = 0.660 and Session 3 = 0.607), but the children's latencies increased from Sessions 3 to 4 (Session 4 = 1.068), perhaps because of fatigue or boredom, whereas the latencies of adults did not increase (Session 4 = 0.599). The three-way interaction is localized in Sessions 1 and 2: For the NSPS condition, both children and adults showed a decline in latencies, whereas for the other two conditions, adults showed a decline in their latencies but children showed little change between the first two sessions.
An analogous ANOVA was conducted on the error rates and revealed no main effect of age group and no main effect of session. A main effect of condition was significant, F(2, 80) = 18.75, p < .0001, indicating that error rates were higher in the NSPD condition. Both of the two-way interactions with condition were significant: Age Group X Condition, F(2, 80) = 3.69, p < .05, and Session X Condition, F(6,240) = 2.43, p < .05. The Age Group X Condition interaction indicated that the error rates for children were slightly higher than those for adults in the NSPS condition but were slightly lower than adults in the NSPD and NDPD conditions (see Table 1 ). The Session X Condition interaction indicated that for both age groups, error rates generally decreased for the NSPD and NDPD condition as a function of session but showed an increase for the NSPS condition for Sessions 1,2, and 3 and then a decrease in Session 4 (see Table 1 ).
Visual search task. A 2 (age group) X 4 (condition) X 4 (session) ANOVA of response latencies revealed main effects for all three variables: age group, F(l, 40) = 64.53, p < .0001; condition, F(3, 120) = 173.26, p < .0001; and session, F(3, 120) = 91.20, p < .0001. Interpretation of these main effects requires consideration of the significant two-way interactions for Age Group X Session, F(3, 120) = 12.78, p < .001; Age Group X Condition, F(3,120) = 13.58, p < .0001; and Session X Condition, F(9,360) = 25.53, p < .0001, and the significant three-way interaction, F(9,360) = 2.93, p < .05. The two-way interactions revealed that the general decrease in latencies as a function of session and the increase with condition complexity were both larger for children as compared with adults and also that the effect of practice was greater on the latencies from the more difficult conditions. The presence of the three-way interaction indicated that not only was the practice effect larger in children and in more difficult conditions, but also that the age difference in practice effects was larger in the more difficult conditions (e.g., Set Size 6, target present: children, Session 1 -Session 4 = .271; adults, Session 1 -Session 4 = .130; Set Size 18, Target absent: children, Session 1 -Session 4 = .991; adults, Session 1 -Session 4 = .473).
In addition, we conducted separate 2 (set size) X 2 (target: present vs. absent) X 4 (session) ANOVAs for each age group to examine possible strategy differences in visual search. Similar patterns of results were observed for both groups. In addition to main effects of all three variables-for children: set size, F(l, 17) = 80.62, p < .0001; target, F(l, 17) = 47.92, p < .0001; session, F(3,51) = 39.66, p< .0001; and for adults: set size, F(l, 23) = 199.51, p < .0001; target, F(l, 23) = 120.31, p < .0001; session, F(3, 69) = 62.38, p < .0001-all two-way interactions -for children: Set Size X Target, F(l ,17)= 70.40, p < .0001; Set Size X Session, F(3, 51) = 15.88, p < .0001; Target X Session, F(3,51)= 9.96, p < .0001; and for adults: Set Size X Target, F(l, 23)= 121.81, p<.0001;Set Size X Session, F(3,69)= 27.73, p< .0001; Target X Session, F(3,69) = 11.19, p < .0001 -as well as the three-way interaction-for children, F(3, 51) = 2.51, p = .069; and for adults, F(3, 69) = 4.13, p < .01-were generally Note. NSPS = name same, physically same; NSPD = name same, physically different; NDPD = name different, physically different.
reliable for both age groups, although the three-way interaction was only marginally reliable for the children. Importantly, the ratio of the set-size effect in the target present condition to the set-size effect in the target absent condition was 2.66 for the children and 2.51 for the adults, suggesting that both groups use self-terminating search strategies (S. Stemberg, 1969) .
(These approximately equal ratios result from larger effects in the children who were slower. As a consequence, conducting a single ANOVA that included age group as a factor would have resulted in numerous interactions with age that might have erroneously suggested age differences in the patterns of effects.) A 2 (age group) X 4 (condition) X 4 (session) ANOVA conducted on the error rates revealed no main effect of age group. However, the other two variables were both associated with main effects-session, F(S, 120) = 3.69, p < .05, and condition, F(3, 120) = 36.42, p < .0001-and the Session X Condition interaction was also significant, F(9,360) = 3.25, p < .01. Error rates for both age groups tended to decline as a function of session, although the interaction revealed that this was less so for the two target absent conditions, which were also associated with lower error rates as compared with the two target present conditions (see Table 1 ).
Abstract matching task. A 2 (age group) X 2 (level) X 4 (session) ANOVA of response latencies revealed main effects for all three variables: age group, F(l, 40) = 27.40, p < .0001; level, F(l, 40) = 92.03, p < .0001; and session, F(3,120) = 93.11, p < .0001. Interpretation of these main effects requires consideration of the significant two-way interactions for Age Group X Session, F(3,120) = 5.37, p < .01, and Session X Level, F(3,120) = 4.60, p < .05. The Age Group X Session interaction revealed that a general decrease in latencies as a function of practice was larger for children as compared with adults (children: Session 1 -Session 4 = .884; adults: Session 1 -Session 4 = .550). In addition, the response latencies associated with Level 2 were faster than the response latencies associated with Level 3, and this difference was largest for Session 1. The three-way interaction was not significant (F < 1.0), although the age difference in practice effects was larger in the more difficult condition. An analogous ANOVA conducted on the error rates revealed only one significant effect: A main effect for level, F(l, 40) = 20.08, p < .0001, indicated that for both age groups, error rates for Level 3 problems were slightly lower than Level 2 problems.
Analyses Across Tasks
Mathematical relations between group mean latencies. To compare the relations between the latencies of the children and those of the adults before and after practice, we analyzed the latencies on all four tasks from all four sessions. Data consisted of 40 pairs of latencies from 4 sessions X 10 conditions (hand was collapsed based on the ANOVA results). Figure 1 shows the latencies of the children in each condition of each session plotted as a function of the adults in the corresponding condition and session. The solid lines in each panel represent the linear function that describes the relation between the latencies of the children and the adults for Session 1 (children's reaction time = 1.50* adults' reaction time + .151;= .975); note that this equation accurately predicts the relation between the latencies of the children and those of the adults in the subsequent sessions. A multiple regression test providing a simultaneous comparison of the coefficients for the linear regression functions for all four sessions revealed no significant differences in either the slopes or the intercepts (children's reaction time = 1.47*adults' reaction time +. 136; r 2 = .978). Polynomial regression was used to test for curvature but revealed no significant quadratic trend (t < 1.0).
To compare the ratios of child and adult latencies to the slowing coefficient predicted by Kail's (1991) growth function, we refit the data forcing the regression line through the origin. The slope of the constrained regression line was 1.60, which may be compared with the predicted value of 1.56. To test the significance of the difference between observed and predicted slopes, we determined confidence intervals around the growth function. (To linearize the exponential decay function, we regressed the logarithm of the difference between the slowing coefficient and 1.0 on age and then used standard linear regression techniques.) The slowing coefficient of 1.60 for the present data was well inside the confidence interval.
Multiple regression analysis using task as a grouping variable revealed a significant difference in the slopes, the intercepts, or both, F(6,32) = 8.11, p < .0001. Subsequent analyses localized this difference in the comparison of visual search with the other three tasks that did not differ reliably from each other, F(4, 18) < 1.0. The slowing coefficient for visual search was 1.66, whereas the slowing coefficient for the other tasks was 1.56. However, the visual search slowing coefficient was still within the confidence interval for Kail's (1991) growth function, suggesting the possibility that the greater slope for visual search might have been the result of sampling error. Finally, speed-accuracy trade-offs might affect the outcome of the regression analyses. Therefore, as recommended by Pachella (1974) , adjusted mean latencies were determined with analysis of covariance using the logarithms of the latencies as the dependent variable and error rates as the covariate. Regression analyses using the adjusted latencies in all cases gave similar results to those based on the unadjusted latencies.
Mathematical relations between dispersion and central tendency. Data from all four sessions were used to compare the relation between the dispersion and the central tendency of the response latency distributions for children and adults. We measured dispersion by averaging the individual standard deviations of the latency distributions for each condition of the four tasks (80 data points from 2 age groups X 4 sessions X 10 conditions; values for mean latencies and within-subject standard deviations are given in Table 1 ). Dispersion is plotted as a function of mean latency in Figure 2 . The linear function (SD = .345 * reaction time -.084; r 2 = .964) fit to the data from Session 1 is shown in each panel, and it may be seen that this line accurately describes the data from both the adults and children in subsequent sessions. Multiple regression tests to compare regression coefficients using age and session as grouping variables were conducted and revealed no significant differences: age, F(2, 76) < 1.0; and session, F(6, 72) = 1.21. The linear function that best described all of the data was SD = .341 * reaction time -.085; r 2 = .929. In summary, the results of the analyses of the individual tasks established several basic findings. Before practice, children performed all conditions of all four tasks more slowly than adults. In addition, children's and adults' latencies generally declined as a function of practice, although this pattern was less orderly in the letter matching task. Nonetheless, children still performed all conditions of all four tasks more slowly than adults following four sessions of practice by both groups. Notably, the error analyses indicated no main effects of age group and only one, unsystematic interaction with age group for the letter matching task.
Further analyses of the data relied on simultaneous examination of multiple tasks. The predictions of the global trend hypothesis in the context of practice were assessed by regressing the latencies of the children on the latencies of the adults in the corresponding experimental condition. The findings of this analysis were striking: The relation between the latencies of the children and the adults for Session 1 revealed a precise linear relation, and this relation accurately predicted the relation between the latencies of the children and the adults in subsequent sessions. No significant change in the slowing coefficient with practice was observed.
Another multiple-task analysis examined age-related differences in the dispersion of the response latency distributions. Whereas the results of the first multiple-task analysis illustrated age sensitivity with respect to processing speed, the second analysis revealed that the relation between the dispersion of response latency distributions and the central tendency of the distributions appears to be age invariant. Children show greater within-subject variability in their responses when compared with adults in the same experimental condition; however, children's variability (dispersion) is no greater than would be expected on the basis of their slower responses.
Multiple regression analysis suggested that there was a taskspecific difference associated with the visual search task: The slope of the relation between children's and adults' visual search latencies, although still within the range predicted by Kail (1991) , was larger than the slope for the other three tasks. It should be noted, however, that the visual search slope did not differ across sessions: As with the other tasks, the relation observed in the first session accurately predicted performances in subsequent sessions. Although the search slope was significantly different from the slope for the other tasks, it is still possible that this difference is due to sampling error associated with the child or adult samples. To evaluate this possibility, we conducted a second experiment using the same tasks as those in Experiment 1.
Experiment 2
Method Subjects
Volunteers from two age groups were recruited: sixteen 10-year-old children (Mage = 9.9, SD= 1.2)and twenty 19-year-old adults (M age = 19.5, SX>=0.3).'The children were all fourth gradersattendingasuburban, parochial school located in the Midwest. The adults were all undergraduates attending a private university located in the Midwest. The children were tested during regular school hours.
Apparatus and Procedure
The apparatus and procedure were the same as in Experiment 1 except that subjects were tested for only one session.
Results and Discussion
The mean latencies, error rates, and between-subjects and within-subject standard deviations for the children and adults are given in Table 2 . Figure 3 (bottom panel) shows the latencies of the children plotted as a function of the adults in the corresponding condition. The solid line is the best-fitting linear function (children's reaction time = 1.74*adults' reaction time; r 2 = .991). Polynomial regression was used to test for curvature but revealed no significant quadratic trend (f < 1.0). Notably, the intercept of this linear function was zero, and the slowing coefficient of 1.74 falls within the confidence interval for Kail's (1991) growth function, which predicts a value of 1.66 for children of this age (9.9 years).
A multiple regression analysis using task as a grouping variable revealed no task-specific effects on the regression parameters, F(2, 6) = 1.07. Thus, Experiment 2 failed to replicate the larger slope for visual search observed in Experiment 1. Additional analyses suggested that the task-specific difference observed in Experiment 1 was due to the characteristics of the adult sample rather than the child sample: A multiple regression of the Session 1 latencies from the children of Experiment 1 on the latencies of the adults from Experiment 2 revealed no significant task-specific parameter differences, F(2, 6)= 1.63. A significant task-specific difference was observed, however, when adults from the two experiments were compared, F(2, 6) = 36.28, p < .001, but not when the two groups of children were compared, F(2, 6)= 1.34. Taken together, these results suggest that the particular sample of adults used in Experiment 1 had greater ability at visual search compared with the other tasks, whereas for the other three groups, the relative abilities on the different tasks were more nearly equivalent.
When dispersion was plotted as a function of mean latency (Figure 3, top panel) , a single linear function accurately described the relationship for both children and adults (SD = .362*reaction time -.077; r 2 = .941). Importantly, multiple regression analysis revealed no significant differences between regression parameters for the child and adult groups. In addition, there were no significant differences between the regression parameters for the data from the first and second experiments. This lack of a difference in dispersion functions suggests that the relation between within-subject variability and mean latency is a reliable, age-invariant property of human information processing.
General Discussion
In both experiments of this study, linear relations were observed between the latencies of children and acjults performing four different tasks (choice reaction time, letter matching, visual search, and abstract matching). These findings replicate the observations of Hale (1990) , who reported similar relations for children and adults tested on three of the same tasks as well as on a different task (mental rotation rather than visual Note. NSPS = name same, physically same; NSPD = name same, physically different; NDPD = different, physically different.
search). In addition, the slowing coefficients in both Experiments 1 and 2 were accurately predicted by the exponential decay function reported by Kail (1991) to describe the developmental change in processing speed. The linear relations between the latencies of children and those of adults are consistent with both the global trend hypothesis and the correspondence hypothesis. Such relations are predicted by a model in which children and adults perform each task using the same sequence of processing steps (correspondence) and the durations of all steps in children are longer than those in adults by the same proportion (global trend). Nevertheless, as Kail (1986b) has shown, the correlation between the latencies of a child and an adult group could be quite high even though the durations of all steps in children were longer by different proportions; that is, even if different processing operations had different slowing coefficients.
Three points should be noted regarding the present interpretation of linear relations between latencies, (a) Assuming correspondence in the cognitive processes used, the correlation between the latencies of different age groups is an increasing function of the similarity in the slowing coefficients for different operations (Kail, 1986b) . (b) As a consequence, the extraordinarily precise relations (rs > .99) observed in both experiments of the present study and by Hale (1990) set narrow limits on how dissimilar these coefficients could be. (c) Although similar slowing coefficients for different components could occur by chance and give rise to linear relations even if the speeds of different cognitive processes were changing at different rates, such a coincidence would be extremely unlikely to occur at more than one age. (This is because if the growth functions are of the same form, e.g., exponential, but decrease monotonically at different rates, they could have at most one point of intersection.) Thus, the fact that Hale (1990) and Kail (1991) reported linear relations between the latencies of children and adults across a wide age range argues strongly for a single rate of maturation (i.e., a global developmental trend) for fundamental cognitive processes.
Age Sensitivity and Age Invariance in Practice and
Processing Speed
The present findings regarding the linear relation between the latencies of children and adults are consistent with Hale (1990) as well as with the recent meta-analysis by Kail (1991) . For present purposes, it is the extension of these findings to the realm of practice that is particularly significant. Inherent in the global trend interpretation of the relation between children's and adults' latencies is the correspondence hypothesis: Children and adults are performing basic information-processing tasks using the same sequence of component processes. The only apparent difference between the two groups is that children require more time to complete each component process (and each constituent step within each component).
Following this rationale, the present data suggest that the effect of practice is to reduce the number of components or the constituent steps within components equally for children and adults or to decrease the duration of processing steps by equal proportions. Because children's processing steps require more time than adults', an equal reduction in the number or duration of steps results in a (proportionally) greater savings in terms of response latencies. Thus, there exists both an age-invariant impact of practice and a corresponding age-sensitive impact of practice on processing speed. That is, children and adults benefit equally in terms of reduced steps or in the proportional decrease in step durations, yet children benefit more from practice in terms of overall response latency.
The results of this study may be compared with the effects of practice in previous studies of children's performance on speeded information-processing tasks. In studies where the practiced task had multiple levels of complexity and both children and adults were tested, regression techniques may be used to estimate slowing coefficients, and comparisons may have important theoretical and methodological implications.
One such previous study was conducted by Foreman (1967) , who examined the effects of practice on visual search using Adults' Latency (sec) stimuli that varied in complexity. Three age groups were tested: third graders, sixth graders, and adults. As may be seen in Figure 4 , which shows the data for asymmetrically shaped stimuli, the relation between the latencies of children and adults observed in the first block of trials is relatively unchanged in subsequent blocks of trials. When separate groups were tested with symmetrical stimuli, however, the relation between child and adult latencies was not very orderly. This might be because of the small sample size (10 per group) as well as the smaller range of complexity that was approximately half that for the asymmetrical stimuli as measured by the difference in adult latencies between the most and least complex conditions in Block 1. Kail (1986a) examined the effects of extensive practice on mental rotation in 9-year-olds, 13-year-olds, and adults. Kail (1991) recently reanalyzed this data and reported that both the relation between the initial latencies of the 13-year-olds and the adults (Session 1) and the relation between their well-practiced performances (Session 16) were accurately predicted by his growth function. However, this finding did not hold for the 9-year-olds, whose Session 1 performances showed a slowing coefficient considerably larger than predicted, although their Session 16 performances were accurately predicted by the growth function.
The left panel of Figure 5 shows that for the 9-year-olds, the transition from a larger slowing coefficient to a smaller coefficient was not gradual. Rather, the relation between child and adult latencies changed abruptly between Sessions 1 and 2, but the relation remained essentially unchanged from Session 2 through Session 16. Thus, the results from Sessions 2 to 16 are similar to those of the present Experiment 1 both in the fact that they are accurately predicted by Kail's (1991) growth function and in the fact that they show a relation between child and adult latencies that does not change with practice. In contrast, the Session 1 data are neither predicted by the growth function nor predictive of future performance. The data from Sessions 1 to 16 of the 13-year-olds (right panel of Figure 5 ), however, are all consistent with the present findings.
The results of the Foreman (1967) and Kail (1986a) studies are generally consistent with the data from Experiment 1. However, the two exceptions to these findings-search for asymmetric stimuli in the Foreman study and the first session of mental rotation by 9-year-olds in the Kail study-warrant further discussion. First, the Foreman results suggest that conditions may have to vary substantially in complexity before reliable linear relations can be observed, especially when very small groups are studied. (The visual search results from the present study also reinforce the need for adequate sample sizes.) Second, the Kail findings suggest that initial performances may be less consistent with the global trend predictions than more practiced performances, perhaps because of failures in correspondence (i.e., initial differences in strategy) that are eliminated with practice. Consistent with this interpretation, anomalous initial session performance was only observed in the younger group, who might have had initially greater problems following the unfamiliar mental rotation instructions. Despite these limitations (i.e., the need for sufficient range in task complexity, for adequate sample sizes, and for sufficient initial exposure to produce correspondence), the Foreman and Kail results for the most part are strongly supportive of the correspondence and global trend hypotheses.
Age Sensitivity and Age Invariance in Performance Variability
The present findings concerning variability in performance also speak to the issue of quantitative differences (i.e., correspondence) versus qualitative differences in the information processing of children and adults. The qualitative difference hypothesis does not lead to any specific predictions regarding age differences in within-subject variability but could accommodate any result by assuming that the strategies used by children were associated with more or less variability than those used by adults. In contrast, the correspondence hypothesis specifically predicts that there should be little age difference in within-subject variability beyond that associated with the dif- ference in latencies. In general, children's latencies are reported to be more variable than those of adults (e.g., Brewer & Smith, 1989; Eckert & Eichorn, 1977; Mitchell et al., 1990; Wilkinson & Allison, 1989) . However, it is well known that the variability of response latencies tends to be greater under conditions that produce longer latencies (Luce, 1986) . Therefore, it is possible that the greater variability in children's performances is entirely due to the fact that they are slower to process information (i.e., to a global, quantitative difference) rather than to the existence of any qualitative age differences in information processing.
In both Experiments 1 and 2, the dispersion (mean withinsubject standard deviation) of individual latency distributions for the child and adult groups was greater in conditions that produced longer latencies, and the dispersions of children's latencies were greater than those of adults in the same experimental condition. These findings are consistent with previous reports of age-related differences in within-subject variability of response latencies during childhood (e.g., Brewer & Smith, 1989; Eckert & Eichorn, 1977; Mitchell et al., 1990) . In addition, strong linear relations (rs > .95) were observed between disper- sion and average latency for both age groups, such that dispersion could be predicted from average latency independent of the nature of the task or experimental condition.
Age group was also irrelevant to the prediction of dispersion as demonstrated by the absence of significant differences between the regression coefficients for children and adults in both experiments. Moreover, in Experiment 1, a single linear function based on a fit to the Session 1 data accurately predicted dispersion for both age groups in all four sessions. These results reveal that although children's latencies are more variable than those of adults when both are performing the same task, children's latencies are no more variable than those of adults when both groups are performing (different) tasks that take both groups the same amount of time.
Thus, within-subject variability appears to be linked to latency in a fundamental, age-invariant manner. Although children's performances are more variable, this greater variability seems to be a by-product of slower information processing rather than an independent effect of age. It follows that if the age sensitivity of within-subject variability is accounted for completely by quantitative differences in processing speed, then there is no need to invoke qualitative differences in cognition to explain variability differences.
Underlying Mechanisms
Given both previous and current support for the correspondence hypothesis and the global trend hypothesis, what might be the underlying developmental mechanism? One possibility that has been suggested by Kail (1986b Kail ( , 1988 is that age-related differences in the amount of processing resources give rise to differences in cognitive processing speed. However, there are two potential problems with this interpretation. First, it can be argued that this line of reasoning is circular whenever the evidence for age-related differences in processing resources is based on age-related differences in processing speed, which are the phenomena that the mechanism is intended to explain. Second, as Kail (1991) pointed out, there is the additional problem that current evidence suggests the existence of multiple resource pools (Wickens & Benel, 1982) , and if changes in processing resources are responsible for changes in processing speed, then concomitant changes in the various pools would be necessary to account for the observed global trend.
An alternative approach is to consider the possibility of agerelated neurobiological changes that might underlie the present findings as well as those described by Kail (1991) and Hale (1990) . Myerson and his colleagues (Myerson et al., 1990) have recently developed a mathematical theory of age differences in processing speed that focuses on two age-sensitive parameters that are especially relevant to the consideration of age-related neurobiological changes: (a) the efficiency of communication between the constituent steps of each component process and (b) the computational efficiency of each processing step. Communication efficiency differences would have increasingly greater effects on steps occurring later in a sequence of information-processing operations, whereas computational efficiency differences, which are closely related to the differences in cycle time suggested by Kail (1991) , would have equivalent effects on all cognitive operations (Myerson et al., 1990) .
Age-related differences in the communication efficiency parameter give rise to a positively accelerated nonlinear relation between the latencies of a particular age group and a young adult group. This particular mathematical form has been observed in the relation between the latencies of older and younger adults when processing nonlexical (i.e., stimuli that do not include words) information (e.g., Cerella, 1990; Hale, Myerson, & Wagstaff, 1987) . According to Myerson et al.'s (1990) theory, older adults lose more information during processing or, conversely, young adults have better neural communication efficiency than older adults. In contrast, age-related differences in the computational efficiency parameter give rise to linear relations between the latencies of a particular age group and a young adult group. This mathematical form has now been documented in the relation between the latencies of children and adults (e.g., Hale, 1990; Kail, 1991) and was replicated in the present study. No evidence of nonlinearity was observed in either Experiment 1 or 2. Thus, according to Myerson et al.' s theory, adults and children are equivalent with respect to communication efficiency but differ in computational efficiency; that is, adults process each and every step proportionally faster than children.
By analyzing age-related differences in processing speed in terms of changes in neuronal communication and neuronal computational efficiency, Myerson et al.'s (1990) theory provides a framework for considering the underlying neurobiological changes. There are three requirements that these neurobiological changes must satisfy. First, these changes must be global in nature; that is, they should be apparent throughout the cortex. Second, as noted by Kail (1991) , the time course of any proposed mechanism must map on to the time course of the observed global trend in processing speed. Specifically, the time course of a global neurobiological change in children must be well described by an exponential function with a decay parameter similar to that of the growth function reported by Kail. Third, proposed neurobiological changes must be different for children and older adults in such a way that they lead to differences in the two aspects of processing efficiency. Because the present effort is concerned with age-related differences between children and adults, the present discussion focuses on only the first two requirements.
There are two obvious candidates for neurobiological changes that might give rise to changes in computational efficiency during childhood that may fit the observed time course: (a) rhyelination of neuronal axons and (b) synaptic pruning. Myelination of neurons results in more rapid neural computation through faster propagation of action potentials. Synaptic pruning may result in more efficient neural computation by "weeding out" redundant, ineffective, and inappropriate connections that were formed during the overproliferation phase that characterizes the early development of cortical connections (Rakic, Bourgeois, Zecevic, Eckenhoff, & Goldman-Rakic, 1986 ). The problem with myelination as a possible candidate is that different areas of cortex reach full myelination at very different ages (e.g., " V&kolev & Lecours, 1967) . Synaptic pruning, on the other hand, does appear to follow a global trend, at least with respect to the cortex (e.g., Goldman-Rakic, 1987) . Moreover, according to Goldman-Rakic, the time course for synaptic pruning begins at around age 2 years (i.e., when the peak number of synapses is observed and the period of overproliferation ends) and follows a negatively accelerated trajectory that continues into adolescence and young adulthood. This trajectory appears to be similar to the time course for the development of global processing speed reported by Kail (1991) , although a precise comparison of the decay parameters for the two processes has not yet been attempted. Further neurobiological and cognitive developmental research should help to determine the viability of these two candidates or suggest alternative mechanisms.
